Abstract-Nowadays, reducing the share of energy losses from the total oil wells' energy consumption is becoming a central objective. This publication purpose is to assess the energy-saving effect of the downhole reactive power compensators' used in the composition of the electric centrifugal pumps. The function E E characterizing the effective use dynamics of the consumed active power by installation before and after compensation of reactive power in a well is offered. The surfaces of the E E function are constructed. They depend on the power of the submersible induction motor, the length and cross section of the cable line, which can be estimated energy-saving effect when using downhole compensators. It was found that the calculated indicator of the E E function varies from 0.6 % to 15.8 % depending on the submersible motor's power, the power of the downhole compensator, the length and cross section of the cable line. The expediency using of the downhole compensators in the composition of electric-center pumps at the oil production facilities is substantiated.
INTRODUCTION
It is known that more than 80 % of Russian oil is produced by electric centrifugal pumps (ESP) [1] . Nevertheless, Ivanovskiy V. N., Sabirov A. A., Yakimov S. B. and others found that the efficiency in the operation of these plants is about 30 % [1, 2] . Nevostruev V. A. [3] has analysed the distribution of energy losses in the ESP's nodes. This author has established that 80-90 % of energy losses are accounted for the pump and the submersible electric motor. The distribution of energy losses in other units of the plant from the total energy consumption is as follows: supply cable -up to 15 % [5] ; supply transformer, control station and tubing-up to 9%.
Many scientists and field workers such as B. N. Abramovich, E. G. Andreeva, V. A. Vedernikov, M. S. Ershov, V. N. Ivanovsky, K. V. Kozaruk, E. M. Kuznetsov, V. V. Sushkov, S. B. Yakimov, F. Kloeppel, P. Drehsler and others have made a significant contribution to the study of the mechanical oil production efficiency's problem by using the submersible pumps. These authors' studies are aimed at the increasing performance of ESP, selection of optimal equipment in terms of providing the maximum efficiency, as well as the speed's control frequency of the submersible motor rotation.
The existing methods of the efficiency improving in the mechanized oil production by electric-centrifugal pumps can be divided into two main groups: increasing the operational reliability of the ESP and improving the energy efficiency of oil production.
The first group includes the use of wear-resistant equipment [6] , improving the quality of electricity [6] [7] [8] , the use of protective chemicals and coatings [6] , as well as protection of electrical equipment from impulse overvoltages [9] .
The second group includes: the use of energy-efficient equipment [2, 10] ; optimization of the well equipment selection [11] ; energy monitoring; production process control [12] [13] [14] ; increasing the cross section of the supply cable, the implementation of the "intelligent field" concept [15] [16] [17] [18] and downhole compensation of reactive power at the submersible asynchronous motor terminals [19, 20] .
The great practical interest among the above methods is the downhole reactive power compensation due to the market's lack of the submersible equipment suitable devices. The study [19] presents the theoretical assessment results of the energy efficiency by the downhole reactive power compensators' introduction (DRPC) at the oil wells facilities. The studies have shown that the introduction of the downhole compensation technology can reduce the consumption of electrical energy ESP to 12.5 %.
It is obvious that any change in electrical parameters (power of the submersible induction motor, length and cross section of the power cable, power of the downhole compensator) of the electrical installation complex leads to a change in the electricity consumption. Therefore, it is important to study the dynamics of the oil well's electric energy consumption when using a downhole compensator, depending on the power of the submersible induction motor, the length and cross-section of the supply cable.
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If we take into account the change in the power of the submersible motor, the length and cross section of the cable line, which leads to a change in electricity consumption, the function of E E is proposed to be determined by the expression:
where P m is an active power consumed by the SEM; l CL is the length of the cable line.
It is required to determine the consumed active power by the installation of electric centrifugal pumps before and after the compensation of reactive power inside the well for various parameters of the electrotechnical complex (ETC) ESP.
III. THEORY
The studied electrotechnical complex of the production well includes: a power supply (complete transformer substation 10/0,4 kV, control station), a supply transformer of the ST brand, a cable line, a submersible asynchronous electric motor [21, 22] and a downhole reactive power compensator ( where PS -power supply; ST -supply transformer; CLcable line; SEM -submersible asynchronous motor; DRPCdownhole compensator of reactive power.
As noted above, the active power consumed by the ESP is spent on lifting the oil-containing liquid from the well to the surface and active losses in the conductive elements of the electrical complex. The active power consumption is determined by the expression:
where ΔP ST , ΔP CL , ΔP m -the loss of active power in the transformer, cable line, submersible motor, respectively.
Active power losses in the transformer consist of losses in the transformer windings in "copper" -short circuit losses and in the magnetic circuit in "steel" -no-load losses. Due to the fact that the value of the total resistance of the magnetization branch of transformers ST over 100 kVA is greater than the total resistance of the primary and secondary windings, and the no-load current is less than 2%, the magnetization branch can not be taken into account when calculating the power consumption.
Then the equivalent active and reactive resistance of the supply transformer is proposed to be determined by common expressions: 
where ΔP hc is the short-circuit losses, kW; U h.nom rated voltage of the transformer's highest stage, kV; S nom -full power of the transformer, kVA; u hc % -short-circuit voltage,%.
The active power loss in the supply transformer is determined by the expression:
The cable line consists of the main supply cable and the extension cable connected to it. The active and reactive resistance of the current-conducting conductors of the cables are determined by the expressions:
[ ] ( 20) ;
where ρ is the resistivity of the conductor at 20 °C, for copper ρ =0.0172 Ohm⋅mm 2 /m; l 1 , l 2 -length of the main cable and extension cable, respectively, km; S 1 , S 2 -cross section of the main and extension cables' conductor core, respectively, mm 2 ; T -temperature of the conductive conductors, °C; x 0 -running inductive resistance of the cable line, Ohm/km.
The temperature of the most heated cable line's section is taken as the calculated temperature of the current-conducting conductors of cables. If the current conducting conductors' cross-section of the main and extension cables differ by no more than one order (for example, 16 mm 2 and 10 mm 2 ), the
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The capacity of the cable line is not taken into account when determining the active power losses. The adopted assumption does not strongly affect the determination accuracy of the ETC ESP active power consumption.
Then the loss of active power in the cable line is determined by the expression: 2 
3
.
When operating submersible asynchronous motors, maximum energy efficiency is achieved with nominal output power on the SEM shaft in the range from 65 % to 95 % [1] . Reducing the SEM's load to 50 % of the nominal value leads to a decrease in the efficiency by 3 % -5% and a sharp decrease in the power factor from 0.92 to 0.45, which increases the reactive losses in the ETC ESP.
To determine the energy-saving effect E E , depending on the parameters of the SEM, we will set the range of nominal capacities of the submersible electric motor from 16 kW to 100 kW, taking into account electrical and mechanical losses. Then the total power consumption of the submersible motor is equal to:
where P m.nom is the nominal power of the SEM, kW; cosφ mthe power factor of the SEM; η m -the efficiency of the SEM.
Analysis of ESP energy performance at some facilities of oil companies showed that the average power factor of submersible induction motors is 0.735. This is due to the average load factor of the SEM, which is 0.65. Therefore, to calculate the required power of the downhole compensator, the power factor of the SEM is taken as cosφ m =0.735. Then the necessary power of the downhole compensator is proposed to be determined by the expression: 
. (11) The total planned power consumed by the ESP to compensate for the reactive power inside the well, taking into account the active losses, is proposed to be determined by the expression: 
where Q m.nom is the SEM's nominal reactive power, var; U̇m .nom -nominal value of the integrated voltage SEM, V; Z`e qТ , Z CL -provides a comprehensive and integrated impedance transformer and cable line, respectively, Ohm; jimaginary unit.
The total power received after installation of the DRPC is proposed to be determined by the expression:
( ) (13) where
is the complex and complex conjugate resistance of DRPC, Ohm.
The complex resistance of the DRPC is determined by the expression:
To determine the active and reactive power in the expressions (2) and (3), operators are used to allocate the real and imaginary parts of the complex number Re(Ṡ) and Im(Ṡ), respectively.
IV. RESULTS
The dynamics of the active power consumption by the electric centrifugal pump units before and after reactive power compensation is obtained, taking into account the losses in the electrotechnical complex of the oil production unit. According to the recommendations of the electrical engineering theoretical foundations for symmetrical three-phase systems, the equivalent circuit of one phase ETC ESP was developed and shown in Fig. 2 . When determining the total power consumption of the ETC ESP, the transverse capacitive resistance of the cable line was not taken into account, due to a slight effect on the power consumption. The surfaces of the energy saving function E E depending on the power of the submersible motor, the length and cross section of the cable line are given (Fig. 3) . In the studied electrotechnical complex of ESP submersible motor receives power from the transformer brand ST-160/3, passport details of which are given in table 1. The reduced total resistance of the transformer to the nominal voltage of the submersible induction motor 1.25 kV is:
```0.162 0.537
To assess the energy-saving effect of the downhole compensator's introduction, the range of CL length changes from 1000 m to 3500 m was chosen [23] . The cable of the KPBP brand with copper cores was chosen as a supply cable. The temperature of the formation fluid is 70 °C. The required reactive power factor of the network at the DRPC connection point is tgφ s =0.33. The calculation of the ESP power consumption is made according to the expressions (12) and (13) and the losses in the electrotechnical complex are taken into account.
V. DISCUSSION
Surface analysis (Fig. 3) showed that the calculated value of the energy-saving effect of E E when using downhole reactive power compensators varies from 0.6 % to 15.8 %. When the length of the cable line is increased, the calculated value of the energy saving function E E increases and, conversely, with an increase in the cable section, the value of the function decreases with the constant power of the SEM and the length of the cable line. For example, for ESP, equipped with a submersible electric motor with a power of 70 kW and a downhole compensator with a power of 41.3 kvar, the reduction of active power losses in the cable line with a length of 2500 m by the cross section of the currentconducting core of 16 mm 2 was 8.9 kW, and the energy saving effect was 10 %.
VI. CONCLUSIONS
The analysis of the calculation results showed that the E E energy-saving effect when using the downhole reactive power compensator varies from 0.6 % to 15.8 % depending on the power of the submersible electric motor, the length and section of the cable line.
Theoretically justified the feasibility of the downhole reactive power compensator used as a part of the electric pumps' installations in oil fields to improve the efficiency of electricity is applied in oil production.
